Most species in the large ciliate genus Metopus Claparède & Lachmann, 1858 lack detailed descriptions based on modern morphologic and molecular methods. This lack of data for the vast majority of species hampers application of a morphospecies approach to the taxonomy of Metopus and other armophorids. In this report we redescribe the large species, Metopus fuscus Kahl, 1927 based on in vivo observation, silver impregnation, scanning electron microscopy, and single-cell 18S rDNA sequencing of a freshwater North American (Idaho) population. Metopus fuscus invariably has a perinuclear envelope of endosymbiotic bacteria not found in other species. Unlike the original description of a single row of coarse granules between ciliary rows, the Idaho population has five loose rows of small interkinetal granules. We discuss the possible importance of this character in metopids. We also provide a phylogenetic analysis including setosus form a fully supported clade, challenging previous morphospecies groupings. We discuss some ambiguities of armophorid morphologic terminology in the earlier literature. Our phylogenetic analysis of Idaho metopids indicates that the genera Metopus and Brachonella are both nonmonophyletic.
Introduction
"morphospecies" concept as it has been applied to the free-living Armophorida (Esteban et al. 1995; Finlay et al. 1996) .
Material and Methods

Collection data
We first found M. fuscus in sediments of a pond near Boise, Idaho (43°40´57.20˝ N 116°15´15.44˝ W; elev. 873 m) in June 2006. The locality is described in detail in the occurrence and ecology section below. The current report is based on this population collected from the original site and a subsample maintained for the past seven years in an open garden tub in Boise.
The pond population and the garden tub population are indistinguishable. Thus, the results for both populations are combined. Attempts to establish pure cultures were unsuccessful.
Conductivity measurements were done directly on water samples using an ExStik EC meter (Spectrum Technologies, Inc. Plainfield, IL, USA).
In addition to the perennial population of M. fuscus, this open mesocosm supports a diverse community of other armophorids including Metopus striatus, M. laminarius, M. setosus, M. violaceus, Brachonella galeata, B. spiralis, and Palmarella lata for morphologic and molecular studies. These taxa will be described in a separate report. Identifications were based on previous descriptions (Foissner et al. 1992; Jankowski 1964b; Kahl 1926 Kahl , 1927 Kahl , 1929 Kahl , 1931 Kahl , 1932 .
Morphologic methods
NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 Living cells were studied at magnifications of 40-1000X with brightfield, phase-and differential interference contrast illumination using a Zeiss Axioskop 2 plus microscope (Carl Zeiss Microscopy, LLC, Thornwood, NY, USA), a Flex digital camera, and calibrated Spot imaging software (Diagnostic Instruments, Inc., Sterling Heights, MI, USA). Video imaging was done using an Olympus BX53 microscope (Olympus America, Center Valley, PA, USA) and Canon 6D camera (Canon Inc., Tokyo, Japan). In vivo measurements were made from photomicrographs of freely swimming cells. Attempts to induce formation of resting cysts by starvation in filtered (0.22 μm pore size) site water were unsuccessful as cells quickly died.
Protargol impregnation, methyl green-pyronin staining, and scanning electron microscopy (SEM) were done according to Vďačný and Foissner (2012) . Cells were fixed in 10% formalin for protargol impregnation and a 1:1 mixture of 2% osmium tetroxide and aqueous 2.5% glutaraldehyde for SEM. Statistical analyses were performed using MedCalc for Windows, version 11.2 (MedCalc Software, Mariakerke, Belgium). All drawings were based on microphotographs.
DNA extraction, amplification and sequencing
Cells from the tub population were selected using a stereomicroscope (90X) and washed three times in filtered (0.22 μm pore size) Eau de Volvic mineral water. Single cells were placed in 0.2 ml PCR tubes with 50 l of EB buffer (Qiagen, Valencia, CA, USA) and stored at -20 °C.
DNA was extracted from each of four cells using a modified Chelex method (Strüder-Kypke and Lynn 2003) and the 18S rDNA was amplified and sequenced as previously described (Bourland et al. 2012) . Chromatograms were manually edited using 4-Peaks (Griekspoor and Groothuis 2006) and assembled into contiguous sequences using CAP3 (Huang and Madan 1999) . NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 
Phylogenetic analyses
To determine the phylogenetic position of M. fuscus, we analyzed an alignment comprising 18S rDNA sequences of seven taxa (three belonging to Armophorida and four to Clevelandellida) from GenBank. Metopus fuscus and seven other armophorids were newly sequenced in the present study . Two spirotrich taxa (Metaurostylopsis and Phacodinium) were used as outgroup. Alignments were constructed using MAFFT (Katoh and Toh 2008) based on primary structure. Ambiguously aligned regions were edited by eye.
jModelTest was employed to find the model of nucleotide substitution that best fit the data (Posada 2008) . The General-Time-Reversible model with invariable sites and gamma distribution (G + I + Γ) was chosen under the Akaike Information (AI) Criterion. This model was implemented in MrBayes (Ronquist and Huelsenbeck 2003) on the CIPRES Portal V 1.15 (Miller et al. 2009 ), with support from four simultaneous MCMC chains run for five million generations sampling every 1000 generations. The first 25% of sampled trees were considered burn-in trees and were discarded prior to tree reconstruction. A 50% majority-rule consensus of the remaining trees was used to calculate posterior probability (PP) for Bayesian inference (BI).
The maximum likelihood (ML) analysis was implemented on the CIPRES Portal, using RAxML with settings as described in Stamatakis et al. (2008) . Support for ML analyses came from 1000 bootstrap replicates using heuristic searches. We considered bootstrap values <70 as low, 70-94 as moderate, and 95 as high support (Hillis and Bull 1993) . For posterior probabilities, we considered values <0.70 as low, 0.70-0.94 as moderate, and 0.95 as high support.
Topology hypothesis testing
Constrained trees were created and compared with the unconstrained (i.e. best scoring) ML tree topology, generating a file of per-site log-likelihoods in the RAxML framework NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 .002 (Stamatakis et al. 2008 ) for comparison of constrained and unconstrained tree topologies. To this end, the approximately unbiased (AU) test in CONSEL ver. 0.1k (Shimodaira 2002 (Shimodaira , 2008 Shimodaira and Hasegawa 2001) was applied. A p-value of < 0.05 was chosen for rejection of the null hypothesis.
Terminology
Terminology is according to Foissner and Agatha (1999) , Jankowski (1964b ), Lynn (2008 and Rosati and Modeo (2003) . We define the ventral side of the cell as that surface on which the terminus of the adoral zone (and the cytostome) is at the right margin. We propose that the ventral surface for metopids and caenomorphids be defined as that surface bearing the proximal end of the adoral zone (and the cell mouth). The remaining aspects (left, dorsal and right) would be identified according to this objectively identifiable landmark. We believe adoption of this proposed definition would provide standardization between previous and forthcoming descriptions and redescriptions of metopids and caenomorphids, avoiding the sometimes ambiguous, awkward and lengthy explanations found necessary by earlier authors (Jankowski 1964b; Stein 1867; Wetzel 1928) . Classification is according to Lynn (2008) .
Results
Class Armophorea Lynn, 2004
Order Armophorida Jankowski, 1964 Family Metopidae Kahl, 1927 Genus Metopus Claparède & Lachmann, 1858
Metopus fuscus Kahl, 1927 NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 1927 Metopus fuscus Arch. Protistenk. 50, 147, Esteban et al. [1995] ).
1977 Metopus fuscus Rec. zool. Surv. India 72, 220, Fig. 2m NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 population from Azerbaijani sturgeon-rearing ponds, probable misidentification).
1984 Metopus fuscoides -Alekperov, Zool. Zh. 63, 1731 (second subjective synonym according to Esteban et al. [1995] 
Etymology.
Although not stipulated by Kahl (1927) , the species name fuscus derives from the Latin adjective fusc·us, -a, -um (dark-colored) probably referring to the brown coloration. Although the gender of Metopus is neuter, the -us ending is in accordance with NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 ciliary rows about 20 of which extend onto preoral dome. About 15-20 elongated posterior cilia.
Perizonal ciliary stripe about 20% shorter than adoral zone proximally. Adoral zone distinctly spiraled, composed of about 85 adoral membranelles extending 60% of body length. (Figs 1-45 ; Table 1 ). Size quite variable in vivo (140-260  60-115 μm) and in protargol-impregnated specimens (138-195  57-99 μm) . Cells yellowish brown under low magnification. Shape oblong, distinctly twisted anteriorly, highly variable both in vivo and after fixation, ranges from distinctly sigmoidal to elongate triangular to less twisted and dorsoventrally convex-concave (10) (11) (12) (21) (22) (23) (40) (41) (42) (43) (44) . Length:width ratio including preoral dome 2.3:1 on average (n = 16). Preoral dome broad, flat to centrally convex with shallow concave brim (Fig. 4) ; distinctly twisted to left, overhangs both right and left margins; distal dome brim joins body at junction of right and dorsal sides; occupies about 30% of body length when viewed ventrally. Prominent lip between perizonal stripe row 1 and undersurface of dome canopy (Figs 40, 45) . Body posterior to preoral dome with distinct longitudinal cortical fluting during contractile vacuole systole, thus posterior end quite variable from acute to broadly rounded . Macronucleus occupies about 40% of body length in vivo and 35% in protargol preparations; usually broad dumbbell-shaped (90% of 11 specimens in vivo, 75% of 111 protargol impregnated specimens), sometimes broadly ellipsoidal (15%, 17/111), clavate (6%, 7/111) or ovoidal (4%, 4/111); extends into preoral dome; nucleoli inconspicuous; invariably surrounded by dense envelope of 2 μm-long, blunt rod-shaped endosymbiotic bacteria (Figs 1, 6, 26, 33, 38) . Micronucleus ellipsoidal, near macronuclear isthmus (Fig. 38) . Cytopyge slit-like, subterminal (Fig. 34) . Contractile vacuole large, terminal, obconical, excretory pore not observed (Figs 1, 10, 14, 19) . Cortex flexible and thick, i.e., forming a distinct approximately 3-μm hyaline layer in vivo; finely furrowed by somatic NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 kineties; coarser structures recognizable in optical sections through cortex (Fig. 14) . Cortical granules spherical, i.e, about 0.4 μm across in vivo, but becoming rod-shaped after protargol impregnation; arranged in five loose rows between each two kineties; colorless in vivo, impregnate faintly with protargol but intensely with silver carbonate, stain light pink with methyl green-pyronin (Figs 16, 30, 35) . Food vacuoles up to 35 μm in diameter (Figs 1, 15 ). Movement leisurely, corkscrew-like; rotates on long axis.
Description of Idaho population
Ordinary somatic cilia about 12 μm long in vivo, perizonal stripe cilia about 18 μm in vivo; about 15-20 elongated, i.e., about 50 μm-long, cilia sparsely distributed over posterior third of body (Fig. 14) , lank during swimming, stiff at rest, fragile and thus often missing in fixed specimens (Figs 1, 10, 18, 20) . On average 71 narrowly spaced (interkinetal distance about 2 μm in vivo) somatic kineties; an average of 21 more widely spaced dome kineties converging near distal end of perizonal stripe; dorsal kineties sometimes shortened posteriorly. Stripe composed of dikinetids arranged in five equally long rows, extending near margin of preoral dome to reach the level of four fifths of adoral zone of membranelles; stripe rows 1 and 2 very close together, while rows 3-5 more widely separated from each other, and row 5 separated from dome kinety 1 by a conspicuous gap. Ordinary somatic kineties comprised of densely spaced (intrakinetal distance about 1.5 μm in vivo) dikinetids often with only posterior basal body ciliated. Dikinetids of perizonal stripe and most dome kineties have both basal bodies ciliated; axis of very densely spaced dikinetids of perizonal stripe rows 1 and 2 parallel to kinety axis; more loosely spaced dikinetids of rows 3 and 4 inclined about 45º to kinety axis, dikinetids of row 5 only slightly inclined without "false kinety" pattern 9, (21) (22) (23) (24) (25) 28) .
Two fibrillar structures associated with posterior basal body of dikinetids in protargol preparations, obscured together with ciliature in silver carbonate preparations by intensely NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 impregnated cortical granules. First fibrillar structure, possibly the kinetodesma, projects to right perpendicularly to kinety axis, about 0.3 μm long in perizonal rows 1 and 2, about 0.6 μm long in perizonal rows 3 and 4 as well as in dome kineties, up to 6 μm long in perizonal row 5 and dome kineties 2 and 3 ( 
Conjugation, regeneration and morphogenesis
NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 Conjugants were rarely observed. Conjugation is anisogmaic (10-20% size difference between conjugants) and homopolar ( Fig. 15 ). We encountered a single instance of partial cortical regeneration (Fig. 27) . Division, only fleetingly observed with the dissecting microscope, occurs in the free-swimming state. Due to the paucity of material, we could not document the details of morphogenesis. Foissner and Agatha (1999) also noted the rarity of M.
hasei dividers in raw cultures.
Molecular phylogeny
The 18S (Lynn 2008; van Hoeck et al. 1998 ).
Voucher material
Five voucher slides with many protargol-impregnated specimens are deposited in the Biology Center of the Museum of Natural History of Upper Austria, Linz (LI). Pertinent cells are marked on the coverslip by black ink circles. NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014). DOI: 10.1016/j.ejop.2014.01.002
Discussion
Comparison with original description Kahl (1927) discovered M. fuscus in a similar habitat to the Idaho population, i.e., sapropelic sediments in a marshy pond. He described it as a large species distinguished by brown coloration from "coarse" cortical and cytoplasmic granules, the latter especially dense around the large, elongated ellipsoidal macronucleus. He noted the thick hyaline cortex and the very narrowly spaced (2 μm) ciliary rows and longer posterior "bristles" (in sketches( not shown).
Kahl included long caudal cilia in later (1929) illustrations (Fig. 55) and described "...sparse, very fine caudal cilia, which, however, seem to be often completely absent" (Kahl 1932 ). The spiraled adoral zone extended proximally to the middle on the right. The two populations show slight differences in macronuclear size (35% vs. 22% of body length on average), shape (usually dumbbell-like vs. ellipsoidal), and location (extending into preoral dome vs. no such extension). Kahl (1927 Kahl ( , 1932 did not state the number of ciliary rows for M. fuscus, but a calculation based on the given body width and interkinetal distance of 2 μm yields a number of about 80-95 somatic kineties. This is only an approximation since there is some question of systematic undermeasurement in Kahl's publications prior to 1930 (Foissner and Wenzel 2004) . The accumulation of brown cytoplasmic "granules" around the macronucleus (Kahl 1927) almost certainly corresponds to the perinuclear endosymbionts in our population. He later noted the absence of an anterior cytoplasmic granule cluster (Körnerhaufen) and mentioned finding a smaller (120-150 μm) population (Kahl 1931 (Kahl , 1932 . The Idaho population of M. fuscus matches these features closely except for the cortical granulation. This is discussed in detail below. The "canals" of the contractile vacuole described by Kahl (1927) and Jankowski (1964b) actually represent the attenuated periphery of the obconical contractile vacuole when (as is often the case) NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 it is deeply indented by a single large food vacuole (Fig. 15 ). This phenomenon is mentioned, but not illustrated by Jankowski (1964b) . The contractile vacuole corresponds to Type I (Patterson 1980) , filling by the coalescence of contributory vesicles (Fig. 13) . Kahl (1927) described conjugation details of which are also matched closely by the Idaho population (Fig. 19) .
Evidence of cortical regeneration was found in the Idaho population (Fig. 27 ). While this phenomenon is well known in hymenostomes, heterotrichs, and stichotrichine ciliates, it has not been reported in metopids (Aufderheide and Frankel 1980) . A more detailed comparison of the ciliature and oral structures between the original description and the Idaho population is not possible since Kahl did not use silver impregnation for the study of his population. Despite the similarities between the Idaho population and the original description, the potentially important differences in cortical granulation argue against neotypification.
Cortical granulation in metopids
In the following discussion, we consider protrichocysts, mucocysts and cortical granules as synonymous (Rosati and Modeo 2003) . Admittedly, relatively little is known about their prevalence, structure and function in metopid ciliates.
Kahl is uncharacteristically inconsistent in his description of "protrichocysts" in M.
fuscus. In the original description, Kahl (1927) describes them as comprising a single row of very substantial alveolar granules ("sehr kräftigen alveolaren Körner") in the narrow interkinetal spaces. Although Kahl (1927 Kahl ( , 1932 usually mentioned protrichocysts when describing M. fuscus, in some instances (Kahl 1929 (Kahl , 1931 he neglects them completely. In the key for M.
fuscus (Kahl 1932) they are described as fine-grained or very fine rod-shaped ("feinkörnig oder sehr fein stäbchenförmig" in comparison to M. acidiferus) yet, in the following description for M. fuscus, as coarse ("derber"). His illustrations of M. fuscus (Kahl 1927 (Kahl , 1929 (Kahl , 1931 (Kahl , 1932 are NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 also ambiguous, omitting protrichocysts (Kahl 1929) , showing them as fine rods (Kahl 1931) or as fine interkinetal granules (Kahl 1932) . Schulze (1959) considered metopid "protrichocysts" in detail. Those of M. es are numerous, spherical and about 0.2 μm in diameter, similar to those of the North American population of M. fuscus (Foissner et al. 1992, p. 406 , Fig. 4e ). According to Jankowski (1964b) , the Russian population of M. fuscus was "devoid of trichocysts" and he mentioned no other cortical granulation (i.e. mucocysts). Foissner and Agatha (1999) 
inversus. Metopus striatus
McMurrich 1884 has conspicuous 2.5 x 0.8 μm rod-shaped extrusomes (Fig. 50) . Inconspicuous small colorless interkinetal granules likely represent a plesiomorphic character in metopids, however much more data is needed before the true taxonomic importance of this character can be established for this group. Foissner et al. (1992, p. 416 Figs 82, 83 ) label a metopid having a cortical layer of relatively large globular structures as M. fuscus. These "granules" might be similar to those described by Kahl (1927) , but because no size is given and cell shape is inconsistent with M. fuscus (e.g. size and shape of the preoral dome, length of adoral zone and position of the cytostome) the identification is uncertain. Similar structures were seen in our population in some DIC optical sections (Figs 14, 20) but not in brightfield examinations (Figs 10, 11). They are not apparent in surface views of the cortex. Whether these might correspond to the "… sehr kräftigen alveolaren Körner…" of M. fuscus sensu Kahl (1927) will only be resolved by ultrastructural studies. Due to a paucity of detailed descriptions, the taxonomic importance of cortical granulation in armophorids is undetermined. A detailed discussion of the subspecies concept is beyond the scope of this paper (Patten and Unitt 2002) . However, in our opinion, designation of the North American population as a subspecies on the basis of (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 differences in cortical granulation would be premature. Accordingly we consider the Idaho ciliate as a North American population of M. fuscus Kahl, 1927 .
Synonymy (Figs 53-63)
In considering what are now referred to as the armophorids (Lynn 2008) , early taxonomists occupied either end of the admittedly subjective and continuous spectrum of "lumpers" and "splitters" (Corliss 1976 ). These designations are only descriptors and not pejoratives. The tension between these two philosophical tendencies is on clear display in the taxonomic history of Metopus, resulting in confusion that persists today. Those more prone to "lump" included Eberhard (1862), Kent (1880) , Mermod (1914) , Roux (1901) , Stein (1867) , and Wetzel (1928) . Of these, perhaps the most enthusiastic was Eberhard (1862) , describing what would now be considered three genera (Brachonella, Caenomorpha and Metopus) as a single species (Strombidium polymorphum). The others considered the wide diversity of morphologic forms observed in the sapropel, not as many separate species but as a multitude of "transitional" forms of one or two species appearing in succession. Mermod (1914) proposed a polymorphic life cycle that began with a Metopus sigmoides "form" and progressed through increasing body torsion and shortening and a "molting" (moue) of cilia to the final form, Caenomorpha medusula. Because conjugation was unknown for Caenomorpha at that time, it was assumed that only the "Metopus stage" could reproduce.
Among the "splitters" we might include Levander (1894) , Kahl (1926 Kahl ( , 1927 Kahl ( , 1929 Kahl ( , 1931 Kahl ( , 1932 and Villeneuve-Brachon (1940) , and certainly, Jankowski (1964a Jankowski ( , 1964b Jankowski ( , 2007 ). Kahl's (1927) second revision of the genus included 37 species and 15 subspecies.
To Kahl's dismay, Wetzel (1928) disparagingly reduced the number of "reliable" species to eight and rejected the infraspecific taxa altogether. One of the "reliable" species ("because of observed conjugation") was M. fuscus. In a subsequent rebuttal, Kahl (1929) (Dragesco 1968 (Dragesco , 1996 Esteban et al. 1995; Foissner and Agatha 1999; Jankowski 1964a Jankowski , 1964b Jankowski , 2007 . (1995), although not citing Wetzel (1928) , shared his view that the genus Metopus was rife with synonymous species. Using a "morphospecies" approach, they reduced >75 nominal species to only 22 species in five informal "morphotype" groups by transfer of some taxa to other genera (e.g. Copemetopus Villeneuve-Brachon, 1940) and by synonymizing many others. In the most egregious example they synonymized M. striatus McMurrich, 1884 with 13 other nominal species.
NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014). DOI: 10.1016/j.ejop.2014.01.002 Esteban et al. (1995) proposed M. jankowskii Dragesco, 1968 as a junior synonym of M.
fuscus Kahl, 1927 . Both are similar in size and shape, the fibrillar system between the adoral zone and the posterior cortex, and elongated posterior cilia (Dragesco apparently overlooked Kahl's mention of these in M. fuscus). In our opinion, synonymization was premature, for several reasons: (1) M. fuscus has been reported only from freshwater habitats while M. jankowskii has been found only in marine or brackish water habitats, (2) Metopus jankowskii has a distinctive macronuclear morphology (sharply tapered anteriorly vs. bluntly rounded at both ends), (3) Metopus jankowskii has an aggregation of cytoplasmic granules just posterior to the adoral zone which is never seen in M. fuscus, (4) the curious "button"-like structure at the terminus of the 138-195 μm after fixation), (2) number of adoral membranelles (40-45 vs. 74-103 after silver impregnation), (3) number of dome kineties (7-8 vs. 18-24 after silver impregnation), (4) location of macronucleus (cell center vs. anterior half), and (5) contractile vacuole (small vs. large). Alekperov (1984) obviously follows Jankowski's (1964b) estimate of somatic kinety number for M. fuscus when comparing the two species. Because of these numerous differences, we propose that synonymy between M. fuscoides and M. fuscus should be rejected.
The Idaho population differs from Jankowski's Russian specimens in only two characteristics: (1) elongated caudal cilia (likely overlooked), and (2) the number of ciliary rows NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014). DOI: 10.1016/j.ejop.2014.01.002 (80-108 vs. 45-50) . The meristic discrepancy is difficult to explain since all other features match closely (e.g. size, shape, macronuclear details, perinuclear "granules", dense ciliation, absence of trichocysts, and contractile vacuole shape). The possibility of a misobservation cannot be excluded. Wide variability in posterior body shape largely corresponds to the contractile vacuole cycle (i.e. broadly rounded in diastole and acute after systole). Jankowski's perinuclear "granules" doubtless correspond to the perinuclear endosymbionts (Figs 1, 25, 31 ).
Likely misidentifications as M. fuscus include those of Alekperov (1983, Fig. 57 ), Alekperov and Asadullayeva (1997, Fig. 61 ), and Mahajan (1977, Fig. 60 ). Based on illustrations and descriptions, all are substantially smaller and have many fewer ciliary rows and adoral membranelles than previous descriptions (Jankowski 1964b; Kahl 1927 Kahl , 1929 Kahl , 1931 Kahl , 1932 . A report from Michigan, USA (Lundin and West 1963, Fig. 59 ) with only a simple line drawing and no scale or description is indeterminate. The identification by Foissner et al. (1992, Fig. 13) is uncertain as described above in the section on cortical granulation.
Comparison with related taxa
Metopus es (Müller, 1776) , M. laminarius Kahl, 1927 and starved M. paeleformis Kahl, 1927 in culture can reach lengths of > 200 μm (Esteban et al. 1995; Kahl 1932) , but these species have distinctly different cell shapes, i.e. slender, less spiraled, with less developed preoral dome, shorter adoral zone and different macronuclear shape, i.e. ovoid in M. es and M. laminarius and globular to slender elongate in M. paeleformis (Esteban et al. 1995; Foissner et al. 2002) .
Metopus fuscus differs from the large (200-300 μm) morph of M. extentus briefly described by Villeneuve-Brachon (1940) in the number and spacing of kineties (about 70, narrowly spaced vs.
20-24, loosely spaced), shape of the macronucleus (dumbbell shaped vs. spherical), cortical NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 granules (tiny, spherical vs. conical), and habitat (freshwater vs. brackish water). The form Kahl, 1932 was elevated to species rank by Esteban et al. (1995) .
Metopus contortus major
Metopus fuscus differs from Metopus major:
(1) in body shape (length:width ratio about 2.3 vs. about 4), (2) the preoral dome (broad and flat vs. approximate width of body), (3) kinety number (about 90 vs. 50-55), (4) habitat (freshwater vs. brackish water), (5) location of the micronucleus (adjacent to midportion of macronucleus in mid cell vs. distant from macronucleus in posterior cell). The latter feature is quite unusual but the description of the micronucleus in M. major by Esteban et al. (1995) must be accepted at the present state of knowledge. Kahl (1932) did not mention the nuclear apparatus in his original description of M. contortus f. major. Kahl (1927) suggested a close relationship between M. fuscus and M. propagatus because the dense ciliation and thick ectoplasm of both species. Metopus fuscus lacks the characteristic slender, curved "tail" of M. propagatus.
Occurrence and ecology
Metopus fuscus inhabits sulfidic bottom sediments. Kahl (1927) discovered M. fuscus in the sapropel of a pond in Hamburg's Botanical Garden in Germany. Jankowski (1964b) found it in ponds around St. Petersburg, Russia. Reports of M. fuscus from Germany (Kreutz and Foissner 2006) , Italy (Madoni and Sartore 2003) , Mexico (Nomdedeu 1988) , Slovakia (Matis et al. 1996) , Ukraine (Koval'chuck 1980), U.S.A. (Noland 1927) , and Thailand (Charubhun and Charubhun 2000) are all unsubstantiated by illustrations; however, it is likely that M. fuscus is a widely distributed (at least in Laurasian habitats), but poorly known species. Other illustrated records have been discussed above in the synonymy section. To date, all reports are from freshwater habitats. Our population of M. fuscus was originally collected from a permanent, NOTICE: this is the author's version of a work that was accepted for publication in European Journal of Protistology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in European Jouranl of Protistology, (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 natural eutrophic Lemna pond with bordering Typha lattifolia near Boise, Idaho, USA. To date, we have found M. fuscus only at this location. A population from this site has been maintained in a 90 l garden tub since 2006. Tap water drip lines maintain the water level. The water is circumneutral (pH 6.53) and nonsaline (conductivity 117 μS). The tub is exposed year-round to ambient conditions including precipitation, high summer temperatures (up to 43 °C) and winter freezing. We have found M. fuscus in the above-described pond several times since 2006. Madoni and Sartore (2003) reported very low abundances of M. fuscus, except in spring and summer months, but we have found abundant populations year-round both at the pond site and in the garden tub. Kahl (1927 Kahl ( , 1932 ) also found M. fuscus most commonly during winter. 
Molecular phylogeny of armophorids
Orders Armophorida Jankowski, 1964 and Clevlandellida de Puytorac and Grain, 1976 comprise the class Armophorea Lynn, 2004 . Although previously included in the Armophorea, molecular studies indicate the Odontostomatida now belong to Plagiopylea (Stoeck et al. 2007) . (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 Armophorea and Plagiopylea are designated as "riboclasses" because their constituent orders lack obvious morphologic synapomorphies but are closely related by 18S rDNA sequences (Lynn 2004 (Lynn , 2008 . At the time of this writing there were only two metopid and one caenomorphid 18S rDNA sequences from morphologically well-characterized taxa in GenBank.
NOTICE: this is
In the current report we add sequences from seven additional Idaho metopids (Figs 46-52) .
There is still no gene sequence for the type species M. es.
The nonmonophyly of genera Metopus and Brachonella is indicated by the phylogenetic tree and supported by further statistical analysis (Table 2 ). This should not be surprising in view of the incomplete morphologic data; that is to say, the "morphospecies concept" has been applied despite an inadequate morphologic basis (Esteban et al. 1995; Finlay et al. 1996) . One example of this is the unsupportable synonymy proposed between M. striatus and M. violaceus (Esteban et al. 1995) . This synonymy must be rejected on both morphologic and molecular grounds (Figs 49, 50, 64) . The latter species will be described in detail in a future report. Preliminary SEM and silver impregnation of the two nominal Brachonella species suggests that their distant molecular relationship (Figs 46, 47, 64) correlates with differences in their oral and somatic ciliature (unpubl. data).
In the 18S rDNA phylogeny (Fig. 64) , the Idaho M. fuscus is, surprisingly, most closely related to M. setosus Kahl, 1927 . At the present state of knowledge these two species differ widely in size (about 210 vs. about 75 μm), shape (distinctly vs. only slightly spiraled; prominent vs. small preoral dome), and ciliature (very narrowly spaced vs. normally spaced kineties). They share only four obvious, but hardly unique, morphologic characteristics (i.e. elongated posterior cilia that stiffen at rest, numerous small cortical granules, absence of an anterior cytoplasmic granule cluster, and absence of a "false kinety" pattern in the perizonal stripe). (2014) . DOI: 10.1016 DOI: 10. /j.ejop.2014 The sister group relationship between the armophorids and the nyctotherids (Clevlandellida) is moderately to strongly supported, consistent with prior studies (Miao 2009; Stoeck et al. 2007) . It is likely that more detailed study of the armophorids will shed light on morphologic synapomorphies with the Clevelandellida in the future (Lynn 2008) .
Future directions
A meaningful revision of the metopids remains a distant but important goal that will require detailed descriptions of as many of the nominal species as possible (Dragesco 1996; Foissner and Agatha 1999) . Because modern descriptions for most Metopus and other armophorid genera (e.g. Brachonella and Palmarella) were unavailable to Esteban et al. (1995) , it is not surprising that their revision has been disputed (Dragesco 1996; Foissner et al. 1999 Foissner et al. , 2002 . In his most recent revision, Jankowski (2007) complicates matters further by proposing nine "subgenera" for Metopus but labeling them as genera. Thus, the classification of the armophorids in general, and the metopids in particular, remains in disarray. Lynn (2008) , although aware of it, chose not to adopt Jankowski's classification.
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